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g (57) Abstract: An instrument ( 1) for deploying a bone cement material in a bone cavity, the material being formed from two reactive 
^ components which, when mixed, react to form a useable cement comprises a chamber (2) in which the components of the material 

can be mixed, and a mixing tool which extends into the chamber (2), and which can be manipulated from outside the chamber (2), to 
w cause the components of the material to mix. Material can be discharged from the chamber (2) after it has mixed through an outlet 
^ (3). A piston (8), which can be moved through the chamber (2) to apply positive pressure to mixed material within the chamber (2), 

can displace the mixed material from the chamber (2) through the outlet (3) into the bone cavity (32, 54). A sealing component (9^ 
Q 20) fits over the bone cavity (32, 54) to seal the cavity (32, 54) around the chamber outlet (3) and to minimise leakage of bone cement 
^ that has injected into the cavity (32, 54), and a sensor (23, 63) is provided for measuring the pressure to which the bone cement is 
r subjected during displacement from the chamber (2). Preferably, the sensor (23, 63) is provided in the sealing component (9, 20). 
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AN INSTRUMENT FOR PREPARING A BONE CEMENT MATERIAL 

This invention relates to an instrument for preparing and delivering a bone cement material 
for deployment in orthopaedic surgery. 

It is common to use bone cement materials to fix orthopaedic implants such as components 
of orthopaedic joint prostheses. The materials are commonly based on methacrylic acid 
and its esters. The materials are prepared by mixing two reactive components together. 
Reaction of the components involves polymerisation of the acid. 

The reliability of the bond between a bone cement and adjacent bone tissue requires that 
the cement be injected into a bone cavity under pressure. This can improve the keying of 
the cement into the surface of the bone. It can also reduce the tendency for blood to exude 
from the surface of the bone, which itself can otherwise lead to weakening of the bond 

. between the cement and the bone tissue, and weakening of the cement itself. A cement 
injection pressure of not less than about 3 kPa can be sufficient to prevent exudation of 

* blood from bone tissue. It has been established through cadaveric studies that an injection 
pressure of at least about 250 kPa can lead to impregnation of porous bone tissue by bone 
cement, for example to a depth of about 3 to 4 mm. 

The present invention provides an instrument for preparing a bone cement material for 
deployment in orthopaedic surgery, which comprises a chamber in which components of 
the material can be mixed, and a sensor for measuring the pressure to which the cement is 
subjected during displacement from the chamber. 

Accordingly, in one aspect, the invention provides an instrument for deploying a bone 
cement material in a bone cavity, the material being formed from two reactive components 
which, when mixed, react to form a useable cement, the instrument comprising: 

a. a chamber in which the components of the material can be mixed, 
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b. a mixing tool which extends into the chamber, and which can be 
manipulated from outside the chamber, to cause the components of the material to 
mix, 

c. an outlet from the chamber through which the mixed material can be 
discharged from the chamber after it has mixed, 

d. a piston which can be moved through the chamber to apply positive 
pressure to mixed material within the chamber, to displace the mixed material 
from the chamber through the outlet into the bone cavity, 

e. a sealing component which fits over the bone cavity to seal the cavity 
around the chamber outlet and to minimise leakage of bone cement that has been 
injected into the cavity, 

f. a sensor for measuring the pressure to which the bone cement is 
subjected during displacement from the chamber. 

The instrument of the invention has the advantage that it enables greater accuracy to be 
achieved in the application of pressure to cement which is injected into a bone cavity. This 
can help to optimise the bond between the cement and the surface of the bone. It can also 
help to minimise the tendency for blood to exude from the bone at the surface where it 
contacts the cement. 

The instrument of the invention has the further advantage that mixing of the cement 
material and its subsequent deployment can be accomplished, with control over the. 
pressure that is applied to the cement, while the material is retained within the chamber and 
without exposure to atmosphere. This reduces the risk of contamination of the material, 
and also reduces the risk of exposure to the possibly harmful components of the cement. 

Preferably, pressure sensor is located in at least one of: 

a. the wall of the chamber towards which the piston moves to discharge 
mixed cement material through the chamber outlet, 

b. the face of the piston which faces towards the end wall of the chamber, 

c. the outlet from the chamber, 
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d. the sealing component. 

Preferably, the pressure sensor is located in or close to the face of the sealing component 
which faces into the bone cavity. This allows pressure signals to be generated which most 
accurately represent the pressure to which bone cement within the cavity is subjected, 
allowing accurate control over the interface between the cement and the surface of bone 
tissue. 

Preferably, the sealing component comprises: 

a. a sealing plate which can be fitted over the bone cavity and has a quantity 
of a resiliently deformable material on its lower face to enable a seal to be created 
between the plate and the edge of the bone, and 

b. a plug which has an injection port extending through it in which the 
outlet can be received, 

the sealing plate having an opening extending through it (I) in which the plug which can be 
received, and (ii) through which a prosthesis which is to be bonded to the bone of the 
cavity by the bone cement can be inserted into the cavity after injection of the cement and 
removal of the plug. 

When the sealing component comprises a sealing plate and a plug, it can be preferred for 
the pressure sensor to be located in the sealing plate. 

Preferably, the pressure sensor generates a signal which is representative of the pressure to 
which the bone cement is subjected during displacement from the chamber, and in which 
the signal gives rise to an indication of the said pressure which is audible or visible. For 
example, the pressure sensor can generate a signal which is indicated on a pressure scale. 
The pressure sensor can generate a signal which is indicated on one or more lights; for 
example different coloured lights can be illuminated according to the pressure to which the 
cement is subjected. One arrangement might provide one or more lights which can be 
differentiated, for example by position or colour, which are illuminated when the pressure 
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to which the cement is subjected is within a predetermined range, and one or more other 
lights which are illuminated when the pressure to which the cement is subjected is outside 
a predetermined range, for example above the range or below the range or both. 

Preferably, the pressure signal causes a warning signal to be generated when the pressure to 
which the bone cement is subjected during displacement from the chamber is less than 
about 3 kPa. More preferably, the pressure sensor causes a warning signal to be generated 
when the pressure to which the bone cement is subjected during displacement from the 
chamber is less than about 150 kPa, especially less than about 200 kPa, for example less 
than about 250 kPa. A warning signal can be generated when the pressure exceeds about 
450 kPa, preferably about 400 kPa, more preferably about 350 kPa. 

Preferably, the pressure sensor generates a signal which is representative of the pressure to 
which the bone cement is subjected during displacement from the chamber, and in which 
the signal can be arranged to cause the pressure that is applied to the bone cement by the 
piston to be changed when the pressure is outside a predetermined range. The lower limit 
of the said predetermined pressure range is preferably at least about 3 kPa. More 
preferably, the lower limit is at least about 150 kPa, especially at least about 200 kPa, for 
example at least about 250 kPa. Preferably, the upper limit of the said pressure range is 
about 650 kPa, more preferably about 500 kPa, especially about 400 kPa. 

Mixing devices for bone cement, which include discharge outlets for the cement after it has 
been mixed, are known. These include devices in which the piston which is used to 
discharge cement from the device forms one end of the chamber in which the cement is 
mixed. In some such devices, the discharge outlet is used during mixing of the cement to 
move the tool, for example by means of a shaft which protrudes from the outlet. 

The mixing tool can move within the chamber to ensure mixing of the cement components. 
Preferably, the tool is capable of rotating about an axis defined by a shaft thereof, and is 
also capable of moving inwardly and outwardly along the axis defined by the shaft. These 
movements can be made manually, or using a motor or other drive. The mixing tool can 
have vanes on it. The mixing tool and the pressure sensor have to be positioned so that 
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neither of them is damaged when the mixing tool is moved to cause the bone cement 
components to mix. 

Especially when the pressure sensor is provided in a wall of the chamber or in the piston, it 
can be preferred for it to be movable between a retracted or withdrawn position in which it 
allows the mixing tool to be used to mix the components, and an operative position in 
which it extends further into the chamber, into bone cement material in the chamber which 
has been mixed and is being allowed to react. The pressure sensor can be separable from 
the chamber so that they are supplied as separate parts. The pressure sensor can then be 
inserted into the chamber wall after the mixing step has been completed. For example, the 
chamber wall can have an opening which is closed by a plug or a cap or other closure. The 
pressure sensor can be positioned in the opening after removal of the plug. 

The pressure sensor can provide an accurate indication of the pressure to which cement 
being discharged from the chamber is exposed when it is provided in a wall of the chamber 
(including the outlet, which might be a nozzle, from the chamber) or in the piston. For 
example, the sensor can be positioned in the end wall of the chamber, towards which the 
piston moves to displace cement from the chamber, or it can be positioned in the outlet 
through which cement is injected into a bone cavity. 

It can be preferred for the step of preparing the instrument of the invention for use 
(possibly as part of a manufacturing process) to include a step of calibrating the pressure 
sensor, especially when the sensor is provided in a wall of the chamber or in the piston. 

The pressure sensor can comprise at least one pressure switch or pressure transducer. 
Pressure might also be indicated by means of a component which changes configuration or 
shape or location when the pressure that is sensed by the sensor exceeds a pre-set limit. 
For example, it might comprise a pop-out plug which remains in place in a socket until the 
pressure that is sensed by the sensor reaches the pre-set limit, and then reverts to a popped 
configuration, providing a visible indication of pressure being above the said limit. The 
socket can have a bleed hole in its base which communications with the space in which the 
pressurised bone cement is located.. The plug will be sealed into the socket, for example 
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by a flexible polymeric seal which allows the plug to flex between its configuration prior to 
use, and its popped configuration. 

Preferably, the instrument includes a data processor which is connected to the pressure 
sensor so that data from the pressure sensor can be transmitted to the data processor for 
analysis, to generate information concerning the pressure of material within the chamber. 
The information can be transmitted to the data processor wirelessly, for example, using 
radio or infrared communication. Generally, however, it will be preferred for the 
information to be transmitted using conductors. 

Use of a data processor has the advantage that it can provide a record of the measurements 
taken from the cement material in the chamber, which can be retained for later reference, 
for example with other records relating to the procedure. A data processor can be used to 
generate output information, for example for use by the surgeon. This information can be 
visual information, especially in graphical form. The information could be audible. 

Embodiments of the present invention will now be described by way of example with 
reference to the accompanying drawings, in which: 

Figure 1 is a schematic side view of an instrument according to the invention. 
Figure 2 is an enlarged view of a seal component of the instrument according to 
the invention. 

Figure 3 is a schematic view showing steps in a method of using the instrument of 
the invention. 

Figure 4 shows another embodiment of seal component of the instrument 
according to the invention. 



Referring to the drawings, Figure 1 shows an instrument 1 for deploying a bone cement 
material in a bone cavity. Bone cement materials are known which can be mixed and 
deployed from an instrument of this general kind, for example as sold by DePuy CMW. 
They are formed from two reactive components which, when mixed, react to form a 
useable cement. 
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The instrument shown in Figure 1 comprises a chamber 2 in which the components of the 
material can be mixed. The chamber can contain a mixing tool which can be manipulated 
from outside the chamber, to cause the components of the material to mix. Chamber has 
an outlet 3 in the form of a nozzle, through which the mixed material can be discharged 
from the chamber after it has mixed. The material is displaced from the chamber 2 through 
the outlet 3 by means of a piston 8. 

The instrument includes a sealing component 9 which fits over the bone cavity to seal the 
cavity around the chamber outlet and to niinimise leakage of bone cement that has been 
injected into the cavity. 

A sensor 4 is provided in a wall of the chamber for measuring the pressure to which the 
bone cement is subjected during displacement from the chamber. A pressure signal which 
is generated at the sensor is conducted by a signal cable 7 to a data processor, and then.to a 
display device, which can provide for example a visual, graphical or audible signal output. 

Figure 2 shows a seal component 20 which is configured to fit into a cavity in a bone to 
seal the bone against egress of cement during injection. The component is therefore shaped 
according to the anticipated shape of the cavity in the bone. 

The sealing component has a bore 22 extending through it into which the outlet nozzle 3 of 
the instrument can be inserted. Two pressure transducers 22 are mounted within the seal 
component on the face 24 thereof which faces into the cavity in the bone when the 
component is in use, so that they can sense accurately the pressure within the cavity. 

Figure 3a shows the instrument 1 of the invention being offered up to a prepared femur 30, 
with the nozzle 3 introduced into the cavity 32 in the bone. 

Figure 3b shows the instrument in position relative to the bone during the injection of bone 
cement into the cavity. The sealing component 9 is in contact with the bone so as to form a 
seal between it and the bone, so that loss of cement from the bone cavity is minimised 
during the injection. 
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Figure 4 shows a femur 52 which has been resected at its upper end. Cancellous bone has 
been removed from the centre of the femur at the upper end to form a cavity 54 in which a 
prosthesis 56 is to be located. The prosthesis comprises a stem which is received in the 
cavity and a head which engages an acetabular cup component, as is known. 

The stem of the prosthesis is bonded to the bone of the cavity by means of bone cement 
injected into the cavity under pressure. Pressure in the cement injected into the cavity is 
maintained during and after injection (while the cement hardens) by means of a sealing 
gasket positioned over the end of the bone. The gasket comprises a sealing plate 60 having 
an opening 62 in it, and a plug 64 located in the opening in which the nozzle 66 of bone 
cement delivery apparatus can be received. 

Pressure sensors 63 are provided in the sealing plate which can generate a signal which 
represents the pressure within the cavity in the bone. The sensors can indicate the pressure 
with which cement is injected into the cavity from within the chamber 2 of the instrument. 

Force can be applied to the gasket against the bone directly, or by means of a u-shaped tool 
69 which can be located around the opening 62 in the sealing plate. 

The dimensions of the sealing plate will be selected according to the bone against which it 
is to be used and the prosthesis which is to be inserted into the bone cavity. For example, a 
sealing plate to be used against the femur of an adult human might have dimensions 60 mm 
by 55 mm. The opening in the plate has dimensions 20 mm by 1 1 mm. 

The opening 62 in the sealing plate is generally oval, having semi-circular portions at each 
end joined by straight portions. 

In use, after injection of bone cement into the bone cavity, the plug 64 is removed from the 
opening 62 in the sealing plate 60. The plug can be removed soon after injection of the 
cement. However, it can be preferred for its removal to be deferred until the cement has 
partially hardened, for example, until it has hardened sufficiently for insertion into the 
cavity of the prosthesis. The prosthesis to be located in the bone cavity can be inserted in 
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the cavity through the opening 62 after removal of the plug. The pressure sensors can 
provide an indication of the pressure that is generated within the bone cavity during the 
step of inserting the prosthesis into the cavity. 

Once the bone cement has hardened sufficiently to bond the prosthesis to the bone, the 
sealing plate can be removed from the bone. Preferably, the sealing plate is severed before 
removal, for example by tearing or more preferably by cutting, from the opening 62 to an 
edge of the plate, so that it can be removed by lateral movement rather than having to be 
passed over the end of the prosthesis. 



in 



Further details of a sealing component of the type shown in Figure 4 are disclosed 
US-5980527; subject matter disclosed in that document is incorporated in the specification 
of the present application by this reference. 
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CLAIMS : 



1 . An instrument for deploying a bone cement material in a bone cavity, the material 
being formed from two reactive components which, when mixed, react to form a useable 
cement, the instrument comprising: 



manipulated from outside the chamber, to cause the components of the material to 
mix, 

c. an outlet from the chamber through which the mixed material can be 
discharged from the chamber after it has mixed, 

d. a piston which can be moved through the chamber to apply positive 
pressure to mixed material within the chamber, to displace the mixed material 
from the chamber through the outlet into the bone cavity, 

e. a sealing component which fits over the bone cavity to seal the cavity 
around the chamber outlet and to minimise leakage of bone cement that has been 
injected into the cavity, 

f. a sensor for measuring the pressure to which the bone cement is 
subjected during displacement from the chamber. 

2. An instrument as claimed in claim 1, in which a pressure sensor is located in at 
least one of: 



a. 



a chamber in which the components of the material can be mixed, 
a mixing tool which extends into the chamber, and which can be 



a. the wall of the chamber towards which the piston moves to discharge 

mixed cement material through the chamber outlet, 



b. the face of the piston which faces towards the end wall of the chamber, 

c. the outlet from the chamber, 

d. the sealing component. 



3. An instrument as claimed in claim 2, in which the pressure sensor is located i 
close to the face of the sealing component which faces into the bone cavity. 



or 
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4. An instrument as claimed in claim 1, in which the sealing component comprises: 

a. a sealing plate which can be fitted over the bone cavity and has a quantity 
of a resiliently deformable material on its lower face to enable a seal to be created 
between the plate and the edge of the bone, and 

b. a plug which has an injection port extending through it in which the 
outlet can be received, 

the sealing plate having an opening extending through it (I) in which the plug which can be 
received, and (ii) through which a prosthesis which is to be bonded to the bone of the 
cavity by the bone cement can be inserted into the cavity after injection of the cement and 
removal of the plug. 

5. An instrument as claimed in claim 4, in which the pressure sensor is located in the 
sealing plate. 

6. An instrument as claimed in claim 1, in which the pressure sensor generates a 
signal which is representative of the pressure to which the bone cement is subjected during 
displacement from the chamber, and in which the signal gives rise to an indication of the 
said pressure which is audible or visible. 

7. An instrument as claimed in claim 6, in which the pressure sensor causes a 
warning signal to be generated when the pressure to which the bone cement is subjected 
during displacement from the chamber is less than about 3 kPa. 

8. An instrument as claimed in claim 1, in which the pressure sensor generates a 
signal which is representative of the pressure to which the bone cement is subjected during 
displacement from the chamber, and in which the signal can be arranged to cause the 
pressure that is applied to the bone cement by the piston to be changed when the pressure is 
outside a pre-determined range. 
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